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Before discussing the claims and how they distinguish over the cited art, perhaps it 
might be helpful to review features of applicant's invention. 

Applicants' invention relates to strain compensation. As described, with Applicant's 
invention the Schottky layer and the channel layer are oppositely strained. This is 
accomplished using materials having selected compositions . 

More particularly, as set forth in the patent application: 

In another embodiment of the invention, referring now to FIG. 5, a 
double recessed, strain compensated HEMT is provided. The HEMT 100 
includes a semi-insulating, single crystal InP substrate 102. The substrate 102 
has an inherent lattice constant. Disposed above the substrate 102 is an 
undoped buffer layer 104 lattice matched to the substrate 102. 

The buffer layer 104 here is Alo.48lno.52As, having a thickness of 

o o 

1 ,500-5,000 A , typically about 2000 A . Disposed above the buffer layer 104 is 

a first pulse layer 106, also called a -doped or pulse doped layer. The pulse 
layer 106 is silicon and has a doping concentration of 0.5xl0 12 -2xl0 12 cm" 2 , 
typically lxlO xl2 cm 2 Disposed above the first pulse layer 106 is a first spacer 
layer 108. The first spacer layer 108 is Alo48lno.52As, having a thickness of 30- 

o o 

50 A , preferably about 50 A thick, and undoped. 

Disposed over the first spacer layer 108 is the channel layer 1 10 
having an inherent lattice constan t The lattice constant of the channel layer 
110 is different than the lattice constant of the substrate 102. The channel 
layer 110 serves as a strain compensation layer, comprised of a material 
which will develop an inherent or intrinsic compressive strain when grown 
over the first spacer layer 108 due to lattice constant mismatch between the 
channel layer 110 and the substrate 102. Here, the material used for the 
channel layer 110 is G auJn ^i^ with an indium concentration, x, of 0.53- 
0. 70, preferably 0.60-0.65 . The channel layer 1 10 has a thickness of 50- 

o o 

400 A , preferably about 200 A thick, and is undoped. The thickness of the 
channel layer 110 is a function of the indium concentration in the channel 
layer 110, since the indium concentration in the channel layer 110 affects 
the lattice constant (and strain) of the channel layer 110. As the indium 
concentration changes, the lattice constant of the channel layer also 
changes, thereby affecting the degree of lattice mismatch between the 
channel layer 110 and other layers in the HEMT 100. The greater the lattice 
mismatch, the thinner the channel layer 110 will be to avoid dislocations in 
the channel layer 110. In general, the composition and thickness of the 
channel layer 110 is selected to provide a layer having an intrinsic 
compressive stress which substantially compensates for intrinsic tensile 
stress of a Schottky layer 116 disposed over the channel layer 110, as 
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described below. The thickness and indium concentration of the channel 
layer 110 are selected to maximize that compensate effect while avoidins 
dislocations in the channel layer 110, and consequently do not exceed the 
elastic strain limits of the channel layer 110. 

First, disposed above the channel layer 1 10 is a second spacer 

o 

layer 312. The second spacer layer 1 12 here is Alo.4sIno.52As, about 30-50^4 
thick, and undoped. Disposed above the second spacer layer 1 12 is a second 

pulse layer 1 14, also called a a -doped or pulse doped layer. The second pulse 
layer 1 14 is silicon and has a doping concentration of about 2xl0 12 -4xl0 12 cm" 
2 , preferably 3xl0 12 cm* 2 , typically providing a ratio of doping concentrations 
between the first pulse layer 106 and the second pulse layer 1 14 of 
approximately 2.5 to 1.5 to help linearize performance of the transistor 100. 

Disposed above the second pulse layer 1 14 is the Schottky layer 
116 having an inherent lattice constant. The lattice constant of the Schottky 
layer 116 is different than the lattice constants of the channel layer 110 and 
of the substrate 102. That is, these three layers are not lattice matched. 
Typically, the lattice constant of the Schottky layer 116 is smaller than the 
lattice constant of the substrate 102, and the lattice constant of the channel 
layer 110 is larger than the lattice constant of the substrate 102. Here, the 
Schottky layer 116 is Alj.Jn Y As with an aluminum concentration, l-x, of 
0.55-0.65, preferably 0.60. The Schottky layer 1 16 has a thickness of 50- 

o o 

400 A , preferably about 200 A thick, and is undoped. The thickness of the 
Schottky layer 116 will depend on the indium concentration in the Schottky 
layer 116. As the indium concentration changes, the lattice constant (and 
strain) of the Schottky layer also changes. Similar to the channel layer 110, 
the thickness and indium concentration of the Schottky layer 116 are 
balanced and maximized while gyoiding dislocations due to lattice 
mismatch. Here, the Schottky layer 1 16 is undoped. An undoped Schottky 
layer provides a higher breakdown voltage than with a doped Schottky layer. 
A doped Schottky layer reduces resistance which lowers the breakdown 
voltage and increases conduction compared to an undoped Schottky layer. The 
growth of the Schottky layer provides a layer having tensile strain due to the 
lattice mismatch between the Schottky layer 116 and the underlying layers. 

By disposing the channel or strain compensation layer 110 
between the buffer layer 104 and the Schottky layer 116, the Schottky layer 
1 1 6 may be grown to a larger thickness than if the Schottky layer 1 1 6 were 
grown directly on the buffer layer 104. Alternatively, the aluminum 
concentration in the Schottky layer 1 16 may be increased or any combination 
of the aforementioned arrangements may be provided to form the Schottky 
layer. Insertion of the channel layer 1 10 permits a thicker Schottky layer 1 16 
or alternatively a higher concentration of aluminum in said Schottky layer 116 



3 



0 Serial No.: 09/504,660 
Filed: February 14, 2000 
Attorney Docket No.: RTN2-047PUS 
(formerly 07206-047001) 

before the Schottky layer 116 reaches a sufficiently high enough tensile strain 
to cause dislocations in the crystal lattice of said Schottky layer 116. With the 
above arrangement, the channel layer 1 10 is grown to a thickness approaching, 
but not exceeding, a critical thickness of the channel layer 110. The Schottky 
layer 1 16 is grown over the channel layer 1 10. The initial growth of the 
Schottky layer 116 would provide a layer having tensile strain which would 
be compensated for by the compressive strains in the underlying channel 
layer 110. After the Schottky layer 116 is grown to a first thickness of zero 
net strain (ue. compensated for by the compressive strain of the channel 
layer), the Schottky layer 116 is grown to an additional thickness until the 
Schottky layer additional thickness reaches a so-called critical thickness of 
the layer. By either incorporating additional aluminum into the Schottky 
layer 116 or by increasing the thickness of the Schottky layer 116, a higher 
bandgap for breakdown is achieved. Similarly, the tensile strain in the 
Schottky layer 116 stabilizes the high indium concentration in the channel 
layer 110. High indium concentration permits higher electron mobility and 
higher electron saturation velocity, thereby improving the overall 
performance of the HEMT 100 and permitting the HEMT 100 to handle 
larger amount of currents and thus power at higher frequencies. Further, 
an increase in aluminum concentration in the Schottky layer 116 and/or a 
higher indium concentration in the channel layer 110 increases the 
conduction band discontinuity between the Schottky 116 and channel 110 
layers. This increases the current sheet density which also improves power 
performance, (emphasis added) 

The Applicant shows in the patent application results of using this strain 
compensation. More particularly, as stated in the patent application: 

The strain compensated, double recessed HEMT 100 shown in 
FIG. 5 has been fabricated and tested. The tensile strain in the Schottky layer 
1 16 is compensated by the compressive strain in the channel layer 110. This 
strain compensation allows the Schottky la 
^owTwittf Higher aluminum concentration than ^tf^^ 
latti^Tnate^ The use of higher indium 

cohcentratiohln tKe chsuSel layer 1 10, because ofjtr^^m^^atio^i^ the 
Schottky Jayer 1 J 6, increases the unity current gain cutoff frequency. Because 
of the larger conduction band discontinuity between the Schottky 1 16 and 
channel 110 layers (than had the layers been lattice matched), high output 
currents are obtained, Low breakdown voltages from the high indium 
concentration in the channel layer 1 10 are alleviated by the use of a double 
recessed gate process. The transistor 100 exhibits high output current (690 - 
850 mA/mm) and high breakdown voltages (9 -1 1 V) simultaneously. Due to 
the high indium concentration in the channel, the peak unity current gain 
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cutoff frequency approaches 200GHz and 160 GHz for devices with first 
recess widths of 0.8 im and 1.2 im, respectively. Typical carrier sheet density 
is 4x1 0 12 cm 2 and Hall mobility is 9600 cm 2 /V-sec at room temperature, 



Referring now to the Office Action: 

Claims 18-21, 23 and 31 stand rejected under 35 U. S. C. 102(e) as being anticipated 
by Onda et al. 

The Examiner states that: f ^O nda does no t teach the lattice con s tant of the schott ky 
layer is smaller tiian the lattice constan t of th e sub strate and thektt tice constants the chann el 
layer is larger than the lattice co nstant of the substrate , this feature is inherent in Onda's 



device because the structure and materials of Onda's device are identical to the claimed 
structure." 

Enclosed herewith is Figure 1.6 of a book entitled : Indium Phosphide and Related 
Materials:Processing, Technology, and Device; editor Avisay Katz, published 1992. Such 
Figure clearly shows that lattice constant of a material is a function of the COMPOSITION 
of the material. Nothing in Onda recognizes or suggests selecting the lattice mismatches 
claimed in the present application. The materials set forth in Onda will not have these 
mismatches since there is no designation in Onda of any specific COMPOSITION of the 
material to produce the claimed lattice constant mismatches. Nothing in Onda suggest having 
the claimed mismatch so there is nothing disclosed in Onda which leads one, or describes to 
one, or to put one in possession of the claimed invention which include these lattice 
mismatches 

In summary, to obtain the claimed lattice mismatches requires one to use materials 
having specific COMPOSITIONS -Onda gives neither specific COMPOSITIONS to produce 
the claimed lattice mismatches NOR does Onda suggest or indicate in any way that the 
materials are selected to produce the claimed lattice mismatches. 

With regard to claim 3 1, the material set forth in such claim is disclosed in the 
material furnished with the declaration filed under 35 CFR 1.131. 
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In the event any additional fee is required, please charge such amount to Patent and 
Trademark Office Deposit Account No. 50-0845. 

Respectfully submitted, 




Date / / Richard M. Sharkansky 

Attorney for Applicant(s) 
Reg. No.: 25,800 
Daly, Crowley, & Mofford, LLP 
275 Turnpike Street, Suite 101 
Canton, MA 02021-2310 
Telephone: (781) 401-9988, 23 
Facsimile: (781) 401-9966 
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